Introduction
A variety of information is useful in attempting to investigate and improve the analytical capabilities of a new spectroscopic plasma emission source. For instance, common analytical figures of merit include determination of detection limits, linear dynamic range, short-and longterm precision, and susceptibility to chemical interference effects. In addition to these common analytical figures of merit, several researchers [1] [2] [3] [4] [5] have emphasized the need for spatial information about a plasma under varying experimental conditions, such as gas flow rates and input power. Spatial information is also useful for evaluating the effects of matrix components in a sample on the analytical capabilities of a plasma [6] [7] [8] [9] .
While spatial and precision studies are useful in the evaluation of a new plasma emission source, it is often difficult or cumbersome to obtain this type of information with a commercially available spectrometer. Commercial systems are often designed more for the purpose of analysing samples on a routine to semi-routine basis rather than for more specialized, diagnostic studies. As with other researchers [10] , the authors have also found functions. An integrated, menu-driven program is presented for the purposes of instrument control, data acquisition, real-time plotting, post-experiment analysis, and hard-copy output. This program was developed using ASYST, a commercially available data acquisition and analysis programming environment. The application of this system to the characterization of a new plasma emission source will be described.
Instrumentation
A schematic representation of the instrumentation is shown in figure 1 . The spectrometer, the computer and its peripherals, and the ASYST software will each be described separately. The plasma emission source has been described previously [11] [12] [13] , and the instrumentation aspects of the source will not be covered here.
Spectrometer
A PLASMA-SPEC (Revision C Board, Leeman Labs, Lowell, Massachusetts, USA) high-resolution echelle spectrometer was used to isolate the analytical spectral line of interest. The merits of echelle spectrometers for high temperature, line-rich emission sources, such as plasmas, have been described [14] . The well as other details of the P-Code system, can be found in the echelle spectrometer operation manual [17] . [20] [21] [22] [23] and a variety of applications in the area of chemsitry have been published [24] [25] [26] . figure 4 . These menu selections allow the user to manipulate a library of aperture plate and PMT co-ordinates. To set the spectrometer to a wavelength in a particular order of the grating, a unique set of four co-ordinates is required: the horizontal and vertical aperture plate co-ordinates and the horizontal and vertical PMT co-ordinates. From the Echelle Utilities Menu, the user can create or edit a co-ordinate set (F1) and save it to a file (F3). At a later time, the desired co-ordinate set can be retrieved (F4) and made known to the system. In this way, the co-ordinate sets need not be manualy re-entered each time an experiment is performed. The desired co-ordinate set can simply be retrieved from the library file. F5 lists, to the monitor, the elements whose co-ordinates are in the library. F7 prints the actual co-ordinates for a particular wavelength and order to either the monitor or the printer. Finally, F2 allows the user to change the number of co-ordinate sets which the system will keep track of.
Another pre-acquisition prompt requests the type of background correction to be used. One or two-point offline background corrections can be selected or the background correction can be done by introducing a blank solution to the plasma and repeating the spatial acquisition under the same conditions. If the off-line type of background correction is selected, the background information is collected immediately after each horizontal profile. However, the analyte emission data and the background data consist of independent 32-point data sets.
Finally, the user can optionally interrupt acquisition after each horizontal profile has been completed. At this point, acquisition can be restarted or the user can exit. When the user exits in this manner, or when all of the requested profiles have been completed, prompts appear which request the necessary information for saving the data to a disk file.
Echelle Set-Up Menu
The final choice offered by the Main Menu (F7) presents the Echelle Set-Up Menu shown in figure 4. These selections allow the user to perform a variety of tasks which are required before an experiment can begin. For instance, the first choice, F1, automatically down-loads the P-Code routines to the spectrometer. These P-Code routines, which were discussed previously, need to be reloaded occasionally due to figure 5(a) .
The optimization algorithm uses the width at half peak maximum to determine the centre of the profile. After this initial profile is obtained, ACQDATA produces a correction factor to properly centre the profile, applies it after user confirmation, reruns the scan, and displays a corrected profile, which is shown in figure 5(b) . A similar procedure occurs for the other optimization selections in the Optimization Menu.
The consequences of a non-optimal PMT position are twofold. First, when the PMT co-ordinates for a given wavelength and order in the ROM of the spectrometer are used, a profile of the type shown in figure 5(a) Secondly, if the PMT is at the position marked P in figure  5 (a), as it is when the ROM values of the spectrometer are used to position the PMT, increased noise will result due to slight changes in the PMT position. This is due to the positioning of the PMT on the side of the profile instead of on the plateau region of the profile. However, after optimization of the PMT position ( figure 5[b] Spatial information of the type provided by the spatial acquisition mode is useful in the investigation of a variety of experimental variables. Figure 8 shows that the emission profile is highly symmetrical in the horizontal direction and that there is a height above the quartz tube that is optimal for viewing the emission intensity. This spatial emission profile, however, is highly sensitive to a variety of experimental parameters such as nebulizer gas flow, height of the sample introduction tube, plasma electrode heights, and current to the plasma [11] . Thus, this mode of acquisition provides an easy way of visually observing, in real-time, the effects of these experimental variables on the spatial emission profiles.
Conclusions
The software presented here provides a means of acquiring data of the type that is often very difficult to obtain with the capabilities of many commercially available spectrometer systems. In addition, the software provides the analyst with real-time feedback of data as it is obtained. This feedback is in the form of plots to a graphics screen of the computer monitor and is useful in monitoring the course of an experiment in progress. This real-time feedback offers an advantage over the common post-experiment feedback in that it allows the analyst to alter the experiment in progress or modify an experimental variable to improve subsequent results.
The aperture plate and PMT optimization features of the software allow the analyst to fine tune the position of the plate and PMT in the focal plane of the spectrometer.
This results in an increase in the amount of light to the detector thus potentially improving detection limits and sensitivity.
Perhaps most importantly, fundamental studies of a plasma source, which often require a knowledge of the spatial emission characteristics of the plasma, are facilitated by the flexible spatial acquisition mode. This mode automates the acquisition and display of real-time horizontal and vertical emission profiles of the plasma source.
